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INTRODUCTION 



The March 19 79 accident at the Three Mile Island-Unit 2 
(TMI-2) nuclear plant near Harrisburg, Pennsylvania, cata- 
lyzed the nation"" s public and the nuclear industry to 
reconsider serious questions regarding safety of U.S. commer- 
cial nuclear power plants. More importantly, the accident 
at TMI-2 focused public attention on the risks of nuclear 
power and the role of the Nuclear Regulatory Commission (NRC) 
in reactor licensing. 

This case study is an attempt to illustrate this focus 
by examining the events which led to the NRC's issuance of 
an operating license to Duke Power Company for the McGuire 
Nuclear Station. The case is noteworthy for two reasons: 

(a) The McGuire case was the first contested operating 
license approved by the NRC after the accident 

at TMI-2; and 

(b) The basis for opposition was an engineering design 
safety issue that arose as a result of the TMI-2 
accident^ namely/ the hydrogen control issue. 

During the accident at TMI-2, hydrogen gas was generated in 
excess of amounts allowed in existing NRC regulations to be 
considered in the design and accident analysis of light- 
water reactor (LWR) nuclear power plants. The entwining 
technical and policy aspects of the hydrogen control issue 
dominated the last few months of the licensing of McGuire 
during the spring and summer of 1981 — those conflicts, 
and their resolutions/ form the heart of this case history. 

The McGuire Nuclear Station 

The William B. McGuire Nuclear Station is located on 
the southern shore of scenic Lake Norman near the Cowens 
Ford Dam in the northwestern portion of Mecklenburg County, 
North Carolina, approximately 17 miles north-northwest of 
Charlotte/ North Carolina. 

The two identical units/ each of which has a thermal 
power level of 3411 Mw, utilize a pressurized-water reactor 
(PWR) as the nuclear steam supply system (NSSS) , a four- 
loop borated water reactor coolant system, and a contain- 
ment system utilizing the ice condenser pressure suppression 
concept. 

In an ice condenser containment, an annual space 
between a steel liner and the outer concrete building is 
constructed and filled with cells of refrigerated borated 
ice. (Exhibit 1) . In the event of a loss of coolant acci- 
dent (LOCA) , condensation of the released steam by the ice 
would limit the pressure in the containment. Consequently, 
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the containment structure can be designed for a lesser 
pressure and can have a smaller volume than a conventional 
PWR containment building. 

The McGuire NSSS and turbine generators were manufac- 
tured by Westinghouse. The plant was designed and construc- 
ted by its owner, Duke Power Company. The original 1970 
cost estimate was $372 million — Duke now estimates the 
cost of the total plant to be $1,955 billion. 

From the Drawing Board 

The case history has its beginnings in September 1970, 
when Duke filed an application with the NRC (then the Atomic 
Energy Commission) for licenses to construct its proposed Mc- 
Guire Nuclear Station, Units 1 and 2. After the Commission 
staff reviewed the application in a Safety Evaluation Report 
(SER) dated December*. 3, 1971, and siabsequently issued numerous 
supplement SER's in January and June of 1972, public hearings 
were held before an NRC Atomic Safety and Licensing Board 
(ASLB) in Charlotte, North Carolina, during the fall of 
1972. During these public hearings, an anti-nuclear group, 
the Carolina Environmental Study Group, was strong in its 
opposition to construction and operation of the plant* 
Desoite the citizen group's organization, the NRC issued 
Construction Permit Nos* CPPR-83 and CPPR-84 for Units 1 
and 2 respectively, on Pebruaaiy 28, 1973. 

On April 4, 1974, Duke Power officials tendered a 
combined application for operating licenses for both units 
of McGuire) ' and on Jxine 7," 1974, the NRC, after informing 
Duke that its application was complete, reviewed and docketed 
the operating licenses for McGuire. The application speci- 
fied a core thermal power level of 3411 megawatts for each 
xinit; the corresponding net electrical power output is 
approximately 1180 megawatts for each reactor. 

The second set of public hearings was held in 1977 and 
1978 — again the environmentalists were vocal in their 
opposition. On March 1, 1978, the NRC staff issued an opera- 
ting license application SER. As construction at the site 
neared completion, Duke kept in touch with the licensing status 
of McGuire" through NRC staffer Ralph Birkel, who began as 
Project Manager for McGuire in 1978. Birkel, of the Office 
of Nuclear Reactor Regulation's Division of Licensing, was 
a chemical engineer by training with over 20 years of NRC 
experience and served as the liason between the utility 
and the regulatory agency. 
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PART A: NRC RESPONSE TO TMI-2 



The accident on March 28, 1979 at TMI-2 was caused by 
a combination of operator error and equipment failure which 
resulted in substantial damage to reactor fuel cladding. 
Hydrogen gas, generated from reaction of heated zircaloy 
cladding with steam, accumulated to levels in the containment 
structure that caused a potentially dangerous pressure 
increase. 

The incident at Three Mile Island raised more than eye- 
brows at the NRC, Seemingly caught by surprise, the Commis- 
sion, as well as nuclear power plant utilities around the 
nation, focused attention on the events which led to the 
nuclear accident and on schemes which could prevent another 
"TMI-type" accident. The NRC needed to thoroughly analyze 
the accident sequence and to study the appropriate regulatory 
responses; while Duke Power Company needed to reassess McGuire's 
fundamental design capabilities and to continue to push for 
its long awaited operating license. 

Immediately following the TMI-2 accident, the NRC began 
a phase of investigation and study that dominated a large 
portion of its resources. Agency priorities were reset and 
for almost a year after the March 1979 accident, emphasis was 
taken off licensing activities and put on finding deficiencies 
in the regulatory process and in the design and operation of 
nuclear powerplants, (1) The NRC created several task forces 
and special studies specifically charged to recommend changes 
not only in reactor designs and operations but also in the 
regulatory process and management structure of the NRC. 

The Hydrogen Problem 



One of the NRC's concerns was that raised by the 
(^neration of hydrogen gas from the cladding- steam reaction 
well in excess of the existing design basis. Pressure loads 
from combustion of hydrogen, as demonstrated at TMI-2, could 
threaten containment integrity or damage important safety- 
related equipment. 



JD "Three Mile Island: The Most Studied Nuclear Accident in 
History," EMD-80-109, General Accounting Office, Washington, D.C. 
September 1980, p. 53. 
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The particular danger of hydrogen f lammability or deto- 
nation in PWR's can be seen from Exhibit A-1. The conserva- 
tive estimates of vol% hydrogen in containment can be compared 
with the flammability limits presented in Exhibit A-2 to deter- 
mine the likelihood of flammability, given the containment 
composition. Note that hydrogen in steam-free air can be 
expected to burn at concentration from 4 to 18 vol% and deto- 
nate above 18 vol%, and that there is little effect on the 
lower flammability limit at low steam concentrations. Flam- 
mability limits also depend on the pressure, temperature, and 
direction of the flame. 

In July 1979, the TMI-2 Lessons Learned Task Force issued 
its Status Report and Short-Term Recommendations (NUREG-0578) 
which outlined three "short-term*' recommendations regarding 
post-accident hydrogen control systems for PWR and boiling- 
water reactor (BWR) containments : 

(a) Provide dedicated penetrations for external recombiner 
or post-accident external purge systems; 

(b) Require inerting of BWR containments? and 

• (c) Provide capability to install hydrogen recombiners 

at each LWR (as part of the long-term reconsideration 

of the design basis for combustible gas control systems) . 

Since the immediate concern was the adequacy of reactor protec- 
tion against burns or explosions of hydrogen gas which may be 
generated during an accident, inerting the containment, i.e., 
keeping it filled with an inert gas (such as nitrogen) during 
reactor operation, was a prime solution to the problem. 

For LWR's, hydrogen recombiners would serve to keep the 
concentration of small amounts of hydrogen generated below 
the limit for which it might combust. 

Senior Fellow of the Advisory Committee on Reactor Safe- 
guards (ACRS) William Kastenberg responded to the Status Report 
in an October 3, 1979 report discussing the hydrogen design 
basis, the potential implications of the TMI-2 hydrogen gene- 
ration on design basis* accidents in general, and the implica- 
tions for future licensing and safety analysis (ice condenser 
plants, in particular). After a brief discussion of various 
hydrogen control systems, Kastenberg concluded that while it 
was premature to recommend any of the potential options for 
ice condenser plants, a short term consideration should be 
given to inerting ice condenser containments. Kastenberg 
acknowledged, nonetheless, the negative aspects of inerting 
ice condenser containments which related to access and cost. 
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In addition, "for the long term, research should be carried 
out on the use of chemical additives in conjunction with the 
containment spray system and in the use of filtered vented 
containment. The use of containment spray has the advantage 
that the system is already in place. Vented containment 
has the advantage that it can potentially cope with other 
sources of containment failure," Kastenberg added. 

Shortly thereafter, the TMI-2 Lessons Learned Task Force 
published its Final Report (NUREG-0585, October, 1979) in which 
the Task Force recommended that the Commission "issue within 
three months a notice of intent to conduct rulemaking to solicit 
comments on the issues and facts relating to the consideration 
of design features to mitigate accidents that would result in 
(a) core-melt, and (b) severe core damage, but not substantial 
melting." In particular, the Task Force indicated that the 
focus of the rulemaking procedure would be consideration of 
employment of controlled, filtered venting for core-melt 
accidents and provisions to cope with hydrogen generation 
beyond the design basis. 

The rationale for rulemaking arose from the realization 
that core-melt accidents are the most significant — in terms 
of public risk — of the events not included in the design basis. 
Although these accidents have a lower frequency than design 
basis accidents, their potential consequences still make them 
risk-significant. From the accident sequence point of view, 
it is the potential failure of containment which yields this 
high risk. Hence the prevention of containment failure, which 
could be accomplished with filtered venting of containment, 
should reduce significantly the consequences of core-melt as 
well. 

The ACRS, in a "Report on TMI-2 Lessons Learned Task Force 
Final Report" on December 13^ 1979, supported the Task Force's 
recommendation but suggested that each licensee should be 
required to study systems for mitigation of accidents invol- 
ving large scale core damage or core melting. The ACRS also 
recommended that "special attention be given to making a time- 
ly decision on possible interim measures for ice condenser, 
containments . " 

It was now up to the Commission to decide whether it wonlH 
confront tne issue from a rulemaking standpoint, and if so, 
how it would do so. 



NRC Issues Recommendations 

On January 23, 1980, the "TMI Action Plan Steering Group," 
after studying a range of recommendations, issued a "TMI Action 
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Plan" (Draft 2, NUREG 0660), in which item 11. B. 7 stated that 
the staff was preparing interim hydrogen control requirements 
for small containment structures. Furthermore, Item 11. B. 8 
deemed consideration of a rulemaking proceeding on the subject 
of degraded cores and hydrogen management as appropriate. 

On February 22, 1980, NCR's Office of Nuclear Reactor 
Regulation issued a memorandum to the commissioners regarding 
proposed interim hydrogen control requirements for small 
containments (SECY-80-107) in response to the call for an in- 
terim requirement in 11. B. 7. The cover letter of SECY-80-107 
is reproduced as Exhibit A-3. The staff found that, based on 
its review of the TMi-2 experience, inerting of all BWR Mark I 
and Mark II containments would be needed as an interim control 
requirement. With regard to ice condenser containments, the 
staff concluded: 

In an ice condenser containment, the maximum amount of metal- 
water reaction that can occur without exceeding the ccntainment 
failure pressure is 25 percent. This assumes a failure pressiire 
of 36 psig, catbusticn of the hydrogen gas and availabilily of 
only onfe of the two trains of oantainment spray systems for a 
spray flow of 3400 gallcns per minute. A 15 percent metal-water 
reactioi would lead to a peak ccntainment pressure equal to the 
design pressure of 12 psig,«* Therefore in view of the feasibility 
qijestion [of inerting the ice ccndenser ccntainment] and the fact that 
about 25 percent metal-water reaction can be tolerated even with 
burning, ws coiclude that, pending the rulemaking proceeding, 
additional mitigation systems are not required for ice ccndenser 
cental nments. 

On March 19, 10 80, a Commission briefing was held on 
SECY-80-107, at which the commissioners requested additional 
information; the staff later provided this information in 
SECY-80-107A and SECY-70-107B, issued on April 22, 1980 and 
June 20, 1980, respectively. 

As proposals for dealing with the hydrogen control prob- 
lem for small containment PWR's hinged largely on the miti- 
gation method, much of the technical basis for any interim 
hydrogen control requirements depended on how much hydrogen 
would actually be produced and how best to prevent danger 
from containment failure or hydrogen burn. Appropriately, 
the NRC began research at Sandia National Laboratories, 
Albuquerque, New Mexico, to address these issues. 

In the fall of 1980, a Sandia team presented the results 
of their study of literature concerning generation, trans- 
port, detection, and combustion of hydrogen which might occur 
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during serious LWR accidents- (2) The document addressed the 
threat to containment posed by hydrogen generation in excess 
of design bases and found that hydrogen recombiners, designed 
to operate in non flammable mixtures at very low rates, were 
primarily intended to handle the radiolytic generation of 
hydrogen. They alone would be inadequate for accidents in 
which the core had been uncovered and metal-water reactions 
were occuring in a TMI-type accident. 

Meanwhile, a formal annoxincement of the NRC's proposal to 
amend its regulations with regard to hydrogen control and 
degraded core accidents had been issued. The staff indicated 
that, pending an Interim Rule on Hydrogen Control, the staff 
would require that a significant fraction (about 75 percent) 
of the fuel cladding be assumed to undergo metal-water reac- 
tion and that the design provide means for dealing with the 
hydrogen thus generated as follows: 

(a) For the BWR Mark I and Mark II containments, an 
inerted (oxygen-removed) atmosphere is required; 
and 

(b) For all ice condenser and Mark III containments, 
additional hydrogen control methods are 
required to ensure safe shutdown and maintain 
containment integrity. 



Impact on the Sequoyah Plant 

As interest in the hydrogen control issue grew, the NRC 
sponsored further research at Sandia to study different hydro- 
gen mitigation schemes. The Commission's sudden interest was 
not purely academic — at the time of the accident at TMI-2, 
there were a total of ten licensed ice condenser xinits in the 
U.S. Two of the ten, D-C. Cook, Units 1 and 2, were licensed 
for operation at full power, and Sequoyah Nuclear Power Plant's 
Unit 1 was licensed to" operate up to 5 percent of full power. 
The other seven units were xinder various stages of construction, 
as was McGuire. 

On September 17, 19 80, the NRC issued operating license 
DPR-77 to the Tennessee Valley Authority (TVA) for Sequoyah-1, 
but requested resolution of the hydrogen issue to the Commis- 
sion's satisfaction before January 31, 1981, Earlier, TVA 
engineers had installed an Interim Deliberate Ignition System 
(IDIS) consisting of several hydrogen igniters — General 



(2) Sherman, M.P., Berman, M., et al, "The Behavior of Hydrogen 
During Accidents in Light Water Reactors," NDREG/CR-1561, SAND80- 
1495, Sandia National Laboratories, Albuquerque, NM, August 1980. 
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Motors AC Division model 7G diesel engine glow plugs — placed 
throughout the inside of the containment. As their "Report on 
the Safety Evaluation of the Interim Distributed Ignition 
System" detailed, the purpose of the igniters was to delibe- 
rately burn off any hydrogen generated such that flammability 
limits were not reached. 

ACRS, in a September 8 letter to NRC Chairman John F. 
Ahearn, gave preliminary approval to the Sequoyah IDIS. See 
Exhibit A-4. 

Soon afterwards, the NRC staff completed their review of 
the report, and in Supplement 3 to Sequoyah's SER (NUREG-0011) , 
indicated that the IDIS had a good chance of being established 
as a worthwhile safety measure, and recommended authorization 
for operation at 50 percent of full power. 

Engineers at Duke Power Company would watch closely the 
licensing of Sequoyah — whatever was determined at Sequoyah 
would have an effect on the licensing of McGuire. 
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Exhibit A-1 

Vol % in Containment vs. % Metal-water Reaction, 
from Shapiro and T. R. Moffette "Hydrogen 

Flammabilxty Data and Applications to PWR Loss- 
of -Coolant Accident," WAPD-SC-545, Bettis Plant, 
Pittsburgh^ Pennsylvania, September 1957. 



13 



ECL 260A 



100% AIR 



100% 




^ /ASSUMED 
^ / DETONATION LIMITS 



PERCENT H. 



100% 
STEAM 



FLAMMA8ILITY LIMITS 



75*F - 0 psig (23'C - 101 kPa ) 
300'F - 0 psig (149'C -101 kPa ) 
300'F - 100 p«ia (148'C - 892 kPa ) 



Exhibit A-2 



Flammability and Detonation Limits of 
Hydrogen-air-steam Mixtures, from 
Z; M. Shapiro and T. R. Moffette "Hydrogen 
Flammability Data and Applications to PWR 
Loss-of -Coolant Accident," WAPD-SC-545, 
Bettis Plant, Pittsburgh, Pennsylvania , 
September 1957. 
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PART B: DUKE POWER COMPANY RESPONSE TO TMI-2 



Bill Rasin, head of the Nuclear Engineering group in the 
Design Engineering division after five years with Duke Power, 
had worked at the University of Virginia reactor research 
facility for six years while obtaining his nuclear engineering 
degree, and, prior to that, had eight years experience with 
the Navy's nuclear sxibmarine program. So when the accident at 
TMI-2 occurred, Duke, still waiting for a decision by the NRC 
Atomic Safety and Licensing Board (ASLB) on their operating 
license application, promptly sent Rasin to TMI. Arriving at 
TMI on April 1, 19 79, Rasin worked with a team whose job was 
to assess the core damage and later, to work on the hydrogen 
"bubble" concern. 



Preliminary Study of McGuire ' s Hydrogen Problem 

Returning to Charlotte, Rasin led his group in reviewing 
McGuire 's plant design to determine the potential for a TMI- 
type accident at McGuire, looking specifically at the hydrogen 
control question. After a preliminary assessment, Rasin con- 
cluded, "We didn't worry too much about hydrogen because we 
felt it posed no threat to containment integrity." Rasin based 
his judgement on the differences between the accident at TMI 
and what would happen at McGuire ♦ 

Continued study on the hydrogen issue at McGuire stag- 
nated also because the Licensing Board, on April 18, 1979, 
issued Duke an Initial Decision (Operating License Proceeding) , 
LBP-79-13, 9 NRC 489 (1979), which stayed the effectiveness of 
the ASLB initial favorable decision "xintil further order by 
the Board following the issuance of a supplement to the Nuclear 
Regulatory Commission Staff's Safety Evaluation Report addres- 
sing the significance of any unresolved safety issues." Duke 
now had to wait for the NRC staff to issue another SER supple- 
ment before the Licensing Board would continue consideration 
of the license application. 

Furthermore, Duke was following closely the licensing 
actions at Sequoyah, where a deliberate ignition system was 
already in place and being reviewed by the Commission. The 
licensing of the two reactors proceeded in parallel, in the 
sense that the licensing of McGuire was always about one year 
behind the licensing of Sequoyah. 

The Licensing group in the Steam Production division at 
Duke Power, meanwhile, was going through the process of com- 
pliance with the TMI-2 Lessons Learned Task Force Recommenda- 
tions when the group noticed NRC emphasis on the hydrogen 
problem begin to increase. Skip Copp, a nuclear licensing 
engineer at Duke for several years, and Tom Heitman, a rookie 
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only a year out of the University of Virginia, anticipated 
the role the hydrogen issue might play during McGuire's 
licensing, and started studying the problem. "It became clear 
we would have to do some thing commented Copp. 



After Heitman attended a two-day Nuclear Safety Analysis 
Center (NSAC) workshop on hydrogen burning and containment 
building integrity (NSAC is operated by the Electric Power 
Research Institute (EPRI)) in March of 1980, and when it became 
more and more clear that the hydrogen question would arise in 
the operating license discussions, Heitman and Rasin formed the 
core of an in-house team to study the problem in detail and 
develop a solution. 



Opposition From the Environmental Community 

In April 1980, word spread that the president of the Caro- 
lina Environmental Study Group (CESG) , Jesse Riley, was consi- 
dering re-opening the ASLB hearings in opposition to the opera- 
ting license • CESG, a vocal nuclear citizen's group, had 
opposed the design and construction of McGuire from its very 
beginnings, and was intent on this one last chance to delay, or 
even better yet, cancel^ operation of the reactor. 

Riley seized upon the hydrogen issue as soon as he heard 
that the TMI accident, had it occurred at McGuire, would have 
had serious consequences • A Charlotte-Mecklenburg Environ- 
mental Coalition was formed, and Riley became busy recruiting 
support for his opposition plan (see Exhibit B-1 for a sample 
leaflet) . There was no way such an obvious danger to the 
coitimxinity would be overlooked, thought Riley. 

Consequently, Rasin and Heitman 's hydrogen team accelerated 
their efforts; "We were confident that design steps to mitigate 
hydrogen were unneeded, but we also realized that, with Riley 
re-opening the hearings, we would need a strong technical case," 
recalled Rasin. 

On May 23, 19 80, the NRC staff issued SuppleiMnt No. 3 to 
the McGuire SER, and on May 30, 1980, Duke moved the Licensing 
Board lift its stay of the initial decision. CESG promptly 
filed a response opposing Duke's motion to lift the stay and, 
in addition, filed a motion requesting the re-opening of the 
McGuire operating license hearing and admission of CESG's 
contentions. CESG argued that a TMI-type of accident invol- 
ving hydrogen release and rapid combustion at McGuire could 
adversely affect public health and safety by causing the rupture 
of the reactor containment building and release of radioactivity 
to the atmosphere. 
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On August 15, 1980, CESG resubmitted a revised set of 
contentions and amended its motion to re-open the hearings. On 
November 25, 1980 , the Licensing Board granted CESG 's motion 
to re-open the hearings, admitting CESG's four contentions, 
and denying Duke's motion to lift the stay of the initial 
decision. This was the environmental group's chance. 

Meanwhile, Duke's hydrogen team had met with and inter- 
viewed TVA and other engineering consultants to learn all it 
could on the subject of hydrogen control and its particular 
significance for ice condenser plant operators and owners. 
The engineers quickly learned that "hydrogen is a tricky animal, 
according to Heitman. The Sequoyah SER Supplement 3, issued 
in September 19 80, put additional pressure on the team to 
develop some system to mitigate hydrogen. 
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PART C: PREPARATIONS FOR THE HEARINGS 



Selection o f Deliberate Ignition 

Bill Rasin, studying the hydrogen problem through industry 
sponsored research results, moved in favor of the deliberate 
ignition system — the method employed at Sequoyah. "It was the 
way to go given what we knew at the time," he indicated. 

Rasin argued against inerting and filtered venting, noting 
that studies had indicated that inerting was too much of a 
hazard for operators of ice condenser units, as well as too 
expensive, whereas filtered venting could not control a pres- 
sure spike predicted during a hydrogen burn. Post-accident 
inerting with halons, further maintained Rasin, presented 
unanswered questions with respect to the chemical compatibility 
with other reactor substances. Copp added that because of the 
short time frame within which Duke was working, the team was 
limited by practicality and acceptability of any new system. ^ 
Besides, Rasin pointed out, Duke had not ruled out other mitiga- 
tion systems, it was just that the deliberate ignition plan, 
using diesel engine glow plugs, was simple, inexpensive, easy 
to install, and could do the job adequately. 

McGuire Project Manager Birkel called the deliberate 
ignition system the one that "seems to be the best of all evils," 
referring to the complications posed by other mitigation methods. 
He indicated that the utility went ahead with the installation 
"somewhat voluntarily," for a November 14, 1980 letter (Exhibit 
C-1) from the NRC specified requirements for providing an ap- 
propriate hydrogen control system. The requirements were 
similar to those requested of TVA for the continuation of 
the Sequoyah licensing process. Duke got the message and a 
deliberate ignition system for McGuire was designed and installed, 
even though Rasin still strongly felt it was unnecessary given 
the upgrading of equipment reliability and operator training at 
McGuire as a result of the TMI-2 accident. Since, however, it 
was needed to convince the NRC that McGuire could be licensed, 
as evidenced by the Commission's interim approval of Sequoyah's 
IDIS on January 29, 19 81, the team decided to complete instal- 
lation of the system while continuing study to ensure its 
adequacy in uncontrolled hydrogen burn mitigation. 



Request for Partial Power License 

On the licensing scene, Heitman, realizing the difficulty of 
obtaining a full power license under hearing conditions, 
decided to recommend that Duke apply for a low power license, 
just to get through the hearings. For fuel loading, initial 
criticality, zero power physics testing, and low power testing, 
Diike engineers felt that the hydrogen issue posed no threat 
from 5 percent power operation. "We knew that, at the time. 
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Riley had not been formally admitted with the new contentions, 
but we felt it likely that he would be," said Heitman, "so 
since we didn't want to be delayed more than necessary, we 
decided to ask for a low power license. It was a tactical 
decision. " 

Unfortunately for Duke, the Licensing Board's November 
25, 1980, decision to grant CESG*s motion to re-open the 
hearings was accompanied by a decision denying Duke's request 
for fuel loading, initial criticality, and zero power physics 

testing. It was not convinced that generation of hydrogen in 
excess of design basis regulations was precluded at low power 
operation. This decision was affirmed by the ASLAB on January 
6, 1981, and on January 23, 1981, the NRC issued NPF-9 for Unit 
1 — the fifth nuclear unit to reach the stage of fuel loading 
since TMI-2 two years ago. 

Hearing Date Approaches 

As the hearing date drew nearer, the Duke team anxiously 
prepared its arguments while continuing licensing activities. 
The NRC staff held a meeting on February 2, 1981, with Duke 
engineers to discuss the effect of hydrogen burns on vital 
equipment in the containment, and research results from Sandia 
and other research laboratories began to surface. A February 
17, 1981, letter (Exhibit C-2) enclosed with a detailed report 
of the new hydrogen mitigation system contended that "hydrogen 
will not be generated in excess of the limits set forth in 
10 CFR 50.44 and no additional safety systems are necessary " 
Warren Owen, senior vice president, engineering and construction, 
of Duke Power, also rebutted claims of the likelihood of dan- 
gerous hydrogen explosions at McGuire in The Charlotte Observer 
on February 19, 1982 (Exhibit C-3) . 

Duke felt confident of its case. 



ECL 260C 



22 



9 

u 
X 



w > ^ 

5 o o 

O < 0 



Z 



X o c 

«« >t U 3 

>»f e wt 



c c *♦ 

o« e ^ e 
c ^ »f 

c > 

4^ w o V 
« «M 



X w «> e 

wi or -9 E t» 

z — e a« 
< > — 

» o «o »^ 



• o c 

o» — »^ o 
e y o 



e 



4j 



e 

51 z 



•« 4^ V U X 

« wi a; w 
>.w 1- O 

U M M ^ 

.o ^ >. 
3 W ^ w w 

c O ^T- 
•O M w c 

«o c 
« e « 
o a»3 



3 ^ 

C V-^ 3 

-9 "C 4,' 

^ er c ^ 

e «; 4 

O »rt 

>. « « 



X e e « 
o •« e 
u— e 

■5- *2 

e 3 X « 

•i* e u ^ 
« o o 

i. — «^ e 
«j ^ o 

o 



4iJ 



o < 

W 3« 



X X > O ^ ^ 



\ 



c o< X X 



C 1- — 

• « o «/ 

#n o k 

k. « «M 



§-1 

U ^ X 

e 3 



• c 



^ C O M 
C V 

— o c 



> « o 

E e o. 



o « 1. 

«^ U U V 

O wt 

wt W V 



3 « C 



w« M (; t> 
«» — * 

X 3 
^ <3 



I u o. 
' o o 



«• — o o 



a 3 



1; 



u u «> 
& e 
o e 3 

* X •« o 

^ «^ - 
«f e «n 3 

a o e o 

- o 

i. t. c «> 

%t ^ \. \. 

O 3 

e k ^ >» 

e u 
t> X «; 

X u tT*** 

w u o 1- 

« 1. 

o» t: 3 

« Si-" 

V o 
« e s 



^> a; w w 



i58 



» O — «) 
■ 1. 3 

: -o 

' C t> Of 

o X e 



O «; «> tfi 

u u M u 

•J — c 3 

c — • o 

S 

Q»x e 
o u 
u w « 

X t> U w« 

^ & c 
— 000 

o «; o 



iQ ^ V J- 




3 v e tfi 



2wt 



- w w« 

* C — 

: Q. c w 

* V ** 

I &IM e 



'5-3 » . 

V ¥1 

«»— <« E c 
o 3 ^ 

Q. O 3 — 
C X O O o. 



5 I^U 
w «» 

I « O « E 

w won 

*J ^ > 

6 « z 

V« U 3 C 

— p «^ 

X U X 

. ^ a. "9 



^ 5? 1- Q. X 3 -D 



X fc. •« u o 
A' O 3 •« 3 

«to %. M « 



3 *j 

si 



1* «s S g 

xx».«o' e«ie 
<M«4 uouvxoo 

WW O* 

«w 'Q9X«>t/i<— exw 

Ul/lXC ^« O 3 
30 *>««Xo*«» - Cw 

<«3 >**j c-^*r» o 

>» «/« '*>>*.^w 

•«»— 30 

cnwaK c»i»'^a.«;3^fv 

^« v«-.cax<p. 
— >» *9«»^*v*** 0.-5 
^ <M 7 a e 



Ti^ c e 



3V ^w&o-*-'^ 
3j«0Xu4Oe4rfl.w«>s=9 



e •« 

e u 

35 




0« O X 

e cor*^*o>« ^ • 
<« u w« ^ — »» 

XivD'QX-r'evw ^4>u, — 

>*W3« w->x« Q.Q. uierw 
oo.L.o«*o.4i« e — Oi« «a 

30 w -VaM3.«weu»& 

(Tk^fWwvc^tfXwer i/'oA«« 
t>ax c^oe3*-ctjc —3 

n UVEA' 
«r ooc^v>»3i.cAi.w^-^c 

XVW'^'^StfwQ.O'- 'c pcjt 
A'X *rfapwi^ E<«*^*^*'C^« 

V wee «>-^xueeT;3wio«/« 

«&^<j^e ou*— 8/x7a' 

«o*->w a— X ^- ^ w 
eca.cb*u--3«fk •vu — 
00 • «oxtiuu»^ 

m m ^ ^ ^ ^ ^ • otJCk/«? c 
^CiSucx uwtuw e^iC >s'» u M 

•^e*' tt— u >> c o <^ 

w o c < - 



Sh^S^'^*'*-*'*-^*^ 

a. vstf-oticifciai/t 3 

^03 3«>^*4««i«ivO«^w**i' 




*^S«>9««^*i«MXvw<v««v i 
^«'030oeMo w xc«x 



u e « 

3 C 0» • 

^«x wauv «iae 3*4 k 




U 

IT* 
0 
S 



0 

u 

c 
o 
u 

c 

<u 

0 
>i 

c 

03 



I 

U 
+> 

x: 



i 

Q 

0 
4J 



U 



1/^ 



23 



ECL 260C 



o 

w e 

-* CM 

«J ^ o o 
a u u w 

V ■ e ^ 

0 « «c 

U 4 O q 
u 

4 «M 

V 2 >. o 
Max 

« a 
« e 4 ■ 

b O « 

b <M e 

i« u O V 

■ > 

C b ■ <«4 
■ V <t W 

C V U 

iM V e « 

o « «M 

V e « 

M CJ M 

« M U « 

W O V X 

B b «M W 
w 

V >« V V 

M V ■ 

9 O M «4 



• a 

w V « 0 

« U « 3 U V 

— X • b C c « 

M *4 Q V (0 

<s • a - — 



4 » 



■ 3 >. 

cr w 

— _ C « 

w < • o g lA ..4 

u 4 > n o 

4 O > « O b 

•' ^ X r<*« 

^ M M M e 



* P e 



a* V ^ < 

« b M u M I 

« X o le 

X ^ X 00 

w «4 t/l MS O 

C »4 < . b 

« 4 3 <• O M ^ 

•V a « o >» 

«rt 4 e b ^ & X 

U «4 ^ s 

u « • 

4 X « ^ X C 

U ^ (/I k. X 

^ T •< e w 

I 3 W - 



U 3 tl 4 O 

u 4 4 fib e 

-t w c — 

V 4 O O O 0 



to 



M 4 



e — 



o >« o 

b b S 



£ £ £ 



e 9 ^ b 

<M » 4 « 

19 > ^ 

«l « « w 

«) X o 

U M b 

o o e 

b ^ tM 

a c 

o « - 

« >> w «| 

« « 4 b 

U X O 

C b «M 

4» r a « 

3 M o b 
cr c b o 
o V ax 

4 > a H 

« 4 

M 

C V M • 

o -q g a 

^ a e «j 

u u « « , 

< 5 - ' 



O O 

M . — ^ _ « 

M X M u g 

« e M u e 9 

-4 « V O 7 

X w .4 u X g 

S ^ • 4 4 

e u e ■ g X 

Quo X O « 

■ 4 « w a 

■ M jc a < 

g r4 u H ao Mi 



« r c J b g r 

O b 

M « 4 

^ X M M 4 «4 O 

_ M g 4 c 

a «M 3 o g g 

O Q 4 «4 u X > 



4 > g M 

>s g «M g M g 4 

« -4 C 4 M < 

X 4 9 e 

^ 4 g «4 u X « < 

0 b b X CL— « . 

b 4 a M 0 b « 

M a <H 



C 

w g «j 4 

e P g 

O M W 



" r • « 

X 9 b w 
g M 
e o M >, 

g O CL M 
M-M 4 

o X X • 

b 4 U = 



>« 4 M 

U « « 

e X 

• u — c 

00 3 b 

b Z u 4 

4 4 V) 

e g g g 

Ul b C 

— g 

3 4 > 

X C5 ""^ 

M U M 

X e u 

*M g g 

O W M «M 

_ 4 4 ^ 

e >s g 

O 4 

-* g g 

M 4 X 

a «4 M 

«4 4 X 

b M M C 

U 4 « 



• « e 4 b 

V C 4f 

■ X M Q M 

« 4 i OU 

^ 4 4 g <i 

» J-'d 

C U 4 ^ 

X e 3 <o 

> e g 

w ^ e X 

4 a M 4 

M C 4 b b 

a w b M u 

4 4 g O M 

X >« a b g 
U 4 o a*o 



9 4 I 

I " 

C 4 9 e •4 
4 M O e 4 b 

4 « "i* g b «.* 

M W O M M'>4 9 

C C a C O 9 O 
0 4 3 b C U 

« g '-i^ji' 

g - o > X g 
b 4 M g MX 

3 C M 4 O 

o o e MM 

* " se s s J 

4 S b ^ w • 

g b «4 3 ^ M 

X 4 • M U 4 C 

M 9Mf«. Mu ug 

c e 4 c 

«M U O b 6 4 

O X U 4 4 b U 

M V & 3 U 

a ^ >. <« 4 



; b 4 X M 

'•56 8J. 
Iff 



4 4 



* 9 4 

"2 X b 
4 M , 

>s 3 ' 
-« O 

4 O U . — . . _ 

c £ «• g -4 1 

4 >* > 

M g ^ g O Z 
«4««X4S^bP 

4 «4 M ■ o 4 & 

b -« n X ^ 4 

3 X «M 3 4 3 ^ 

M 4 O U M IM 

U OL 9) 4 V) 'V O 

2 4 g <«4 c o c 
u 4 o a 4 4 
e «4 w 

I 4 U 



•8 § 



0O4M « W 

e «4 o b «M 

^ ^ » O M g g 

•>4 W «4 ■ M W 

4U'^wg«4CLg 

MC44>34X 

43beC(0XM 
9 O -«* 4 U 
MM b 

4 4 u g X e S 

X 3 ^ M 4 04 4 
4 W b 3 X M 

4 M e o M a 

X -7 4 4 X 4 X 

••4 fid M 4 4 W 

b X g O 4 4"^ 

O 4 X b C 3 J 

• -4 P ^ 4 ^ U 

^ X X 4 a 4 

4 . b ^ u 

^ M OO^ O 

4 «4 g g ^ C M 

b g 4 N w ^ t: 

g a«4 u 4 

MX <H 3 X ^ » 

a u »A 4 -4 c 

4 04 • U C M 4 «i4 
XX^O0OC4 

U >x-<*uc aM 




z 
< 

z 

0 

o 

B 

u 

I 

U 
X 

C 



! 



9 

7. 



s ^ 
3 ^ 



1 • 3 

;il 

» t 





X 




c 

0 e 

-P4 0 
W «4 


U 

c 

4 

b 


o 


4 4 




•*» 


P4 4 

b 9 «4 

2 ?l 

b b 


i: 

^ M 


<!> 


X U 
W 4 

e *i 


e 

51 

M a 

4 

W Ok 
41 « 


0 >»«n 

O M b in 

O 0 ^ 
• 4 M O 

e « 4 e« 

0 m m 

M 9 

e b w . 


9 o 


e 

«4 

• 4 


n 

4 m 




m e 

4 

* U 


U • 

^1 


-Is" 


b o4 

X ^ 








^ *M U 0 


e 


^ 4 


0 0 3 M 
b 2 00 


o 




4 4 C 

X U • «4 

VI X 

• «M a 
b «M • a 

X O 9 5 


M 

c 

4 


i 


M 
M 
< 



4 4 O 

b U 

4 K e 

e 4 o 

4 «4 

•0 4 m 



e 

4 ' 



g «4 4 g e 



&i 

a 

M • 

^ - _ . 85 

«4 -# M q ^ > m 



>» 4 O 
4 M M 



M 1/^ 9 

4 hi 6 

^ o 

M e w 

c 4 

3 9 9 
4 9 

u <^ 

M 4 b 

•f 3 

9 -4 

4 4b 

b M a 
b 

9 a 4 

U ^ 4 



9 M U < 

a o u 

4 Ul . 

• 'p* 4 

^ U X 
V) u 
U 4 

U »* 

Ul 4 O 

M e 

a 0 

g o -4 



b W 
o g b 

«M «l 4 



4 M g 

"•4 O 



..s e 

c cr g 



f 5 8 



<-4 w U 4 9 

X 4 M 

> e b 4 e 4 

O g b g 1 

M >« e e ^ 



X 4 M M 

3 b 414 « 4 

e 4 >« 

4 4 

! a M >» 

I M « M 

I «4 4 

b e «M 



u 4 4 e 



4 
b 9 

f 3 -4 



M 4 a 

4 «M a e 

^4 o 5 



c : 4 n 

4 » <-4 -4 

p e a e • < 
) 4 ■ o M 

b o e 

I <M 4 u M • i 

I 0 4 a b b £ 
w4 b W 4 g 9 

>Mugv)e9Mu 
I e J 3 o c M o 

I g X O b 4 4 
> BU 4 U -4 

4 4 g oe 4 

b 4 ^ Z e 4 ^ 

>>'*4 ^ U O -4 X 

1-^ 3 9 3 4 X P 
^ 4 C O X X U M 
»X u S MM 

M 2 o^f *i 

3 « « 3 « > • 

•55 g'S2 S-S 

es'S|,5» 

b b a X « u b 

Mgxa9Mco 

MCMg4wg«M 

4 4 b -4 

^we94a4a 
• ^x^abXbM 
X e a 4 9 a c 
Ji 5 a u 

^ Sf S * ■* *• 
• cox w a ^ 

-4 b c a 

^ b O 4 > 

OX aw 9 m ^ 

^ ^ 4 C U O 

M X 9 O O 4 > 

a U O 9 - 

b 3 

4 4-404- 

C 4 <p4 o 

~ V C U MX > 

C M-p* g o M 



3 «M a 
o o 



5 S 

a 4 



e «c 4 >g <M . 
gc>s>soooM • 

ax eo o «*• > 

o M M e« «4 o 
b^a«M 

^ 3 ••14 o ^ g g 

>»ax 2 ^ggx 
X4?-aa»^SIi 

b 114 <M 4 



*• «4 g M« 



b M *4 g 



til i 



4 

:^5 s . 5 



a 

3 o a^^ 55-5 
V m iA ^ si MZ» S 



c j: 

g g w 

« t, — 

o e 3 • 

U i, w 

9 e 

>• a* g g 

X V > 



O U 9 4 

M ^ M to 

4 -« C 

"flu 
g c ^ 

E ' --2 

O b S M 
w c :j a 



) « 9 1 

» • c c o» 

a g ^ c 

I M g £ 4 

: c X 5 rM 

> a <-« I o 

^ g 4 u 



II 



9 b 
9 4 
O 4 
b «4 

£ ^ 

— e 



4 C 

X o 



> § s- 

4 ^7 g u 
i C -3 '» 
I/: o ^ b 

>. U U 4 



b w 

cu a 



e 

n M g 

g c X 



E o 5 

C i-i 6 
C 

b w b U 

g w a 

W »4 £ 

8 S 









u 




-l-i 




:3 




CD 




O 












(0 




•H 




0 




U 




4J 








0 




u 




c 




D 








0 








t3 




>i 


1 


X 


U 


(U 






•P 




•H 








•H 


2; 


4^ 




X 


0 


pa 






u 




0) 




4J 




4J 




0) 








>» 




G 








a 




s 




0 




o 




































Q 



24 ECL 260C 



What About McGuire? 



Because of major design and procedural differences, the possibility of a similar 
hydrogen explosion inside the containment is virtually precluded at McGuire. 



Two letters in The Observer Forum Feb, 12 cited 
the danger of a hydrogen gas explosion at the McGuire 
nuclear plant near Charlotte. The Observer asked Duke 
Power Co. to respond to those letters^.The writer is se- 
nior vice president^ engineering and construction, for 
Duke Power. 

Public hearings on the McGuire plant begin at 9:30 
a.m. Feb. 24 at the Charlotte-Mecklenburg public li- 
brary. 310 S. Tryon Street. 

Safety is the mf jor fa,ctor in the design and construc- 
tion of the McGuire Nuclear Station and will continue to 
be the foremost objective once the facility is operational. 

Duke Power does not make this, 
pledge lightly. Our company has beeni 
designing and building its own electric] 
generating plants for 77 years, rather] 
than having outside firms do the work! 
for us* This is how we've achieved an | 
operating record second to no other] 
electric utility in the nation* 

For example, in 1978, Duke Pow-j 
er's fosslNfueled generating system was ] 
rated the most effldent in the nation i 
for the fifth straight year. The company I 
earned six of the top ten spots for indi* 
vidual generating unit performance* 
Among the nation's nuclear units. Oconee Unit 3 operated 
at the highest efficiency in 1978. according to the Nuclear 
Reguiatory Conuaission (NRC)* Oconee Unit 1 ranked 
fourth. 

Since 1955, many Duke employees have been in- 
volved full-time in nuclear projects. So respected is their 
expertise that several engineers were summoned to Penn- 
sylvania when the Three Mile Island accident occurred* 

A major concern since then has been the possibility 
of a similar hydrogen explosion in the containment of a 
nuclear power plant. Because of major design and proce* 
durai differences, this possibility is virtuaily^ precluded at 
McGuire. 

First, let's look at the human side. Since Three Mile 
Island, we've made It easier for the operators to make 




Owen 



sure the fuel core always is covered with A-ater. and 
we've changed control room instrumentation :o ciar:fy 
the information we get from the core and its containnen:. 
Furthermore, we've added a shift technical adviser w^.ose 
major responsibility is to monitor the core at all :;rr.es. 
Well-trained and knowledgeable operators, then, are our 
major assets in avoiding an accident. 

Nonetheless, if an accident would occur that caused 
hydrogen production, systems already existing ;n :he Mc- 
Guire containment (such as the ice condenser, the air- re- 
turn fans, and the containment spray system) wouid ac: 
to lessen the severity of a hydrogen burn. .Additionally, 
the recently installed hydrogen igniters wouic ac: to burr, 
hydrogen, preventing any dangerous build-up from occur- 
•ring. • 

Both the design pressure (15 pounds per square inch) 
and the actual pressure that could be withstood :n ihe Mc- 
Guire containment are conservatively estimaied. The 15 
pounds per square inch, for instance, is calculated on [he 
basis of the containment experiencing simultaneousiy 
both a loss of coolant accident and an earthquake. Two 
recent studies, however, indicated that the' McGuire con- 
tainment could actually withstand an internal pressure of 
67 V7 pounds per square inch. * 

The Sequoyah* Nuclear Plant in Tennessee was re- 
cently granted an operating permit by the Nuclear Regu- 
latory Commission. The Sequoyah containment, neariv 
identical to McGuire but with a design pressure of 10.8 
pounds per square inch, can withstand an mternai pres- 
sure of 45 pounds per square inch. 

McGuire Nuclear Station, in a matter of weeks, w;;! 
be ready to produce electricity. A hearing before t.'-.e 
.Atomic Safety and Licensing Board is scheduled to com- 
mence Feb. 24 in Charlotte and is expected to continue 
for two to three weeks. Although this hearing will con- 
cern itself with a reinvestigation of hydrogen generation, 
this issue was resolved by the NRC prior to the issuance 
of the Sequoyah license. Duke is confident that the NRC 
will determine again thit the public health and safety are 
more than adequately protected. 

WARREN H. OWEN 

Charlotte 



Exhibit C-3 
Article in The Charlotte Observer 
February 19,1981 
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PART D: THE LICENSING HEARINGS 



Tension was high as attorney Michael McGarry steeled 
himself for the first day of the ASLB re-opened hearings on 
February 24, 1981. Having previously represented Duke Power 
for several years on various nuclear power issues, McGarry 
had spent the last few months preparing for the hearings. 
Reflecting now, as he would again later, he marveled at the 
tremendous interaction he had had and would continue to have 
with the Duke engineers. They were a team — not just the 
engineers doing the engineering and the lawyers doing the 
lawyering — the last few weeks had been a period of intense 
effort and collaboration. 

Now, as McGarry sat before the three administrative judges 
at the spectator-filled Wagoner Hall in the Holiday Inn North, 
Charlotte: Robert M. Lazo, chairman, Emmeth Luebke, and 
Richard Cole, he reviewed both sides of the case. 



The Main Issues 

The first two CESG contentions were: 

Contention 1: The licensee has not demonstrated that, in 
the event of a loss-of -coolant accident at McGuire: 

1. substantial quantities of hydrogen (in excess of the 
design basis of 10 CFR 50.44) will not be generated; 
and 

2. that, in the event of such a generation, the hydrogen 
will not combust; and 

3. that, in the event of such a generation and combustion, 
the containment has the ability to withstand pressure 
below or above the containment design pressure, there- 
by preventing releases of off-site radiation in excess 
of Part 100 guideline values. 

Contention 2: Neither licensee nor NRC staff has demon- 
strated that a McGuire ice containment will not breach as 
the result of the rapid combustion of quantities- of hydro- 
gen which a dry containment would withstand. 

Contentions 3 and 4 related to emergency planning and would not 
be an issue unless the first two contentions were successfully 
verified. 
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Duke's basic argiiment was that McGuire's new equipment 
design and operator training procedures, as well as other im- 
provements incorporated as a result of TMI-2, effectively dis- 
coiinted any possibility of early operator termination of the 
ECCS, as at TMI-2; furthermore, even if, by chance, ECCS were.. 
in fact terminated, Duke maintained that there was over two 
hours to re-initiate ECCS before generating an amount of hydro- 
gen in excess of that produced by a 2 percent zirconium- water 
reaction; and finally, as an independent barrier to release of 
radioactivity should any hydrogen at all detonate, McGuire's 
containment structure had been analyzed as being capable of 
withstanding 67.5 psig — greater than the 28 psig at TMI-2 and 
over four times an estimated 16 psig which would occur at McGuire. 



The Engineers Testify 

After the morning session of limited appearances by some 
local citizens on their views of the operation of McGuire 
(there were opinions both for and against the license) , McGarry 
began his case by arranging a panel of Duke Power engineers to 
testify on measures taken at McGuire in the areas of personnel, 
equipment, procedures, and training. CESG moved to siibpoena 
several witnesses Riley claimed would refute Duke's testimony, 
but McGarry argued that they should have applied earlier in 
conformance with standard procedures. Lazo indicated, however, 
the matter would be considered at the end of the week. 

During the week, Duke engineers and their consultants 
continued to testify to the CESG charge that hydrogen would 
cause a TMl-type accident at McGuire. In an analysis of the 
hydrogen mitigation system, Dxike engineers assumed a small break 
at some point in the primary cooling system (1/2 to 2 inch 
diameter break) , coupled with a failure of the ECCS at the in- 
ception (an accident sequence referred to in the 1974 AEC 
Reactor Safety Study , WASH-1400, as an S2D sequence). The 
engineers also assumed that the accident progressed long enough 
to generate a quantity of hydrogen from approximately a 75% 
zirconium-steam reaction. The peak containment pressure from 
that hypothetical accident was computed to be less than 16 psig. 

Rasin, testifying on the 62 hydrogen igniters installed by 
Duke in the fall, later commented that his impression was that 
CESG was not really interested in resolving the actual technical 
issue, but rather was attacking from all angles in an attempt 
to discredit Duke's argxaments by confusing the issue. "A 
hearing is a completely different atmosphere from engineering 
work," he added, "engineers are not trained to prove a case 
conclusively before three administrative judges." 

Also during the first week, CESG and then the Licensing 
Board and the NRC staff in turn, cross examined the panel and 
raised many questions concerning hydrogen flow, ice condenser 
effects, and steam effects on hydrogen burn. The hydrogen team, 
working with McGarry, would definitely have its hands full 
during the weekend. 
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The Second Week of Hearings 

On the first day of the second week of the re-opened hear- 
ings, the ASLB decided to grant subpoenas to five university 
psychologists • to present testimony on operator stress under 
accident conditions. A subpoena was also granted to CESG for 
a former Duke employee, Joe Lanford, who claimed to have infor- 
mation regarding a defective weld at McGuire. CESG's remaining 
witnesses were not granted subpoenas, but the decision was 
nonetheless a point for the intervener. 

Riley pointed out that the psychologists were asked to 
testify against the idea that nuclear reactor operators could 
function predictably xmder crises situations. During the week, 
the psychologists discussed the effects of stress, amnesia, 
job boredom, and mental fatigue, although they did not relate 
the general phenomena discussed to nuclear power plant opera- 
tions or control room activities. 

For McGarry, the highlight of the second week of testimony 
was the Licensing Board's decision, at the urging of McGarry, 
that Riley's testimony be struck from the record. As president 
of the intervening group, and a key witness, Riley was a retired 
research chemist for Celahese Corp. McGarry argued that only 
experts are allowed to give opinions in matters before the Board, 
and since Riley was not considered by the Board to be an expert, 
Riley was not qualified to testify on 'the specifics of contain- 
ment system strength and hydrogen burning and detonation. The 
Board agreed with McGarry. 

Riley was understandably dejected with the Board's decision, 
and he criticized the Board for being "very sensitive" to what 
he saw as Dxike's desire to license the pleuit as soon as possible, 
as reported in the March 6 Charlotte Observer . Duke had "a lot 
riding on it," Riley said, noting that Diike attorneys had indi- 
cated the plant would lose $200,000 each day the plant is not 
operating, according to The Charlotte News . 



Conflicting Technical Opinions 

The third week of the hearings presented a new question 
for the hydrogen team. The author of a report referred to ear- 
lier in the hearings, Marshall Berman, supervisor of the Reactor 
Studies Division at Sandia National Laboratory, was called in by 
the NRC staff panel to discuss a contrasting view of the Duke 
hydrogen mitigation system. 

"We were kept off balance," remembered Heitman, because 
Berman 's testimony conflicted with what Rasin and other Duke 
panelists had said. In essence, Berman questioned the value 
of the upper plenum igniters in the event fogging in the lower 
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compartment prevented igniters there from burning off accumu- 
lated hydrogen. In such a scenario, higher concentrations of 
hydrogen could rise to the upper plenum and, ignited by the 
upper plenum igniters, possibly cause containment fire, 
Berman advised further research on the subject. 

Rasin disagreed strongly with this idea, arguing that the 
upper plenum igniters were instrumental in burning the hydrogen 
at small pressure rises, thereby preventing the potentially 
dangerous large pressure increase. 

The technical disagreement arose because of differences in 
assumptions and differences in experimental geometry used by 
Berman. Rasin commented that he felt there was a legitimate 
technical issue which could have been resolved away from the 
Licensing Board hearing setting, but under the circumstances, 
he admitted, there was nothing to do but diagreee. 

After Berman was cross examined by the NRC staff, NRC 
containment systems engineer Charles Tinkler said in summary 
that, "We feel it's premature to accept the hypothesis that 
fogging. . .will cause inerting in the lower compartments of an 
ice condenser plant." Walter Butler, containment systems branch 
chief, recommended leaving the igniters where they were pending 
completion of new studies and further ignition tests by Duke 
and other utilities. 



Wrapping Up the Hearings 

The final week of testimony centered on cross examination 
of the five psychologists, discussion of equipment survivability, 
and resolution of the Joe Lanford issue. Apparently, Lanford 
claimed he observed a faulty weld performed while he was working 
at McGuire, which CESG claimed could lead to early failure of 
the containment structure. Duke, however, attested to the 
quality control measures for weld inspections, and F. Lowell 
Greimann, a project engineer at Ames Laboratory in Iowa, testi- 
fied that the flaw would be insignificant — the grade of steel 
could tolerate small imperfections. 

All four weeks of the hearings had been long, tiring, and 
intense, recalled Heitman, who resorted to sleeping on the couch 
in McGarry's hotel room many nights when late-night strategy 
sessions kept the team working late- After 36 expert witnesses 
and hundreds of pages of technical documentation, Duke continued 
to press ahead. 

At the end of the fourth week, McGarry first moved the Board 
dismiss the case, since the intervener had not shown a credible 
accident sequence at McGuire. Alternately, McGarry proposed, 
the Board should expedite the decision process and authorize 
McGuire for a 35 percent power operating license, since Duke 
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had shown that low power operation would not result in the 
possibility of any hydrogen generation. 

While the Licensing Board would not dismiss the interveners, 
it agreed to set dates for required submission of each parties' 
findings, and, in addition, noted that the 35 percent power 
application should be properly submitted before the Board would 
take any action. 

On March 24, 1981, Duke formally filed for a 35 percent 
power operating license, which CESG naturally moved to oppose. 
The NRC staff studied the application and the hearing testimony 
to conclude that the low power license could be issued, with 
the Licensing Board however, having the final say. It was still 
good news to the Duke Power officials who were getting somewhat 
impatient. 

And so everyone waited. 
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PART E: THE LICENSING BOARD'S DECISION 



Lazo, Luebke, and Cole handed down their decision on 
May 26, 1981 in a Supplemental Initial Decision (Re-opened 
Operating License Proceeding), LBP-81-13, 13 NRC 652. The 
33 page document analyzed testimony and evidence presented by 
Duke Power, CESG, and the NRC staff. The Board lifted the 
stay of the initial decision and authorized the NRR director 
to issue an operating license for McGuire. 



Legal Analysis 

In its decision, the Licensing Board first discussed the 
nature of the CESG contentions and concluded that the conten- 
tions should be admitted because "the question of whether 
there is a credible loss-of -coolant accident involving hydrogen 
generation, hydrogen combustion and breach or leakage of the 
containment, with, off site doses in excess of Part 100 guidelines 
is litigible under 10 CFR 100, notwithstanding the provisions 
of 10 CFR 50.44." 

In other words, the Board decided that an intervenor must 
show a credible scenario wherein the core is inadequately 
cooled for a sufficient period of time such that offsite doses 
in excess of 10 CFR 100 are possible. Part -100 is a siting 
regulation and establishes radiation limits at a certain 
boundary from the plant (these radiation exposure limits are 
25 rem to the whole body or 300 rem to the thyroid from iodine 
exposure) • The fact that Dxike had designed McGuire within 
10 CFR 50.44 requirements was not sufficient defense. 

The Board based this distinction in part on the 10 CFR 
100 requirement of consideration of only "credible" accidents, 
and in part on a previous Commission memorandum and order (CLI- 
80-16, 'May 16, 19 80) concerning the TMI-1 restart. In this 
order, the Commission narrowly admitted the contention of hydro- 
gen control into the restart hearings principally because the 
TMI-2 accident demonstrated that actual ECCS misoperation 
resulted in hydrogen generation greater than that postulated 
in 10 CFR 50.44. 

After discussion of matters in controversy and findings 
of fact, the Board concluded: 

(a) There was reasonable assurance that in the e^^t of a TMI-type 
accident at McGuire, sx±)stantial quantities of hydrogen (in 
excess of the design basis of 10 CFR 50.44) would not be 
generated; and 

(b) The actions taken and procedures adopted by Duke Pcwer Cotpany 
subsequent to the IMC accident provided reasonable assurance 
that (i) in the event of a TMI-type accident at McGuire, the 
likelihood of BOCS operations being prematurely terminated by 
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t±ie control roan operating staff was so remote that suc±r an 
accident scenario was not credible; (ii) in the mlikely event 
of premature terminaticn of the ECCS, cperaticns would be 
reinitiated within sxif ficient time to prevent the generation 
of hydrogen in excess of 10 CFR 50.44; and (iii) the McGuize 
facility could be operated without undue risk to the public 
health and safety, . • 

Two subsequent conclusions dealt with the dismissal of the 10 
CFR 100 guideline issue because breach of containment had not 
been established, and consideration of the NRC Supplement 3 
to the McGuire SER which was required in the Board's April 18, 
1979 Initial Decision. 

On the strength of these findings, the Licensing Board 
then recommended the Commission review the decision and authorize 
NRR to issue the license. 

Encouraged by the favorable ASLB decision r Duke sent a 
letter to the NRR, staff two days later indicating their plan to 
establish initial criticality by June 19 and to complete zero 
power physics testing by June 29, and that, as such, would 
appreciate an expedited final review* 



The Continuing Hydrogen Dilemma 

In the meantime, research and controversy continued regard- 
ing the hydrogen igniters. In March 1981, Herman and his group 
published an "Analysis of Hydrogen Mitigation for Degraded Core 
Accidents in the Sequoyah Nuclear Power Plant," NUREG/CR-1762 , 
SAND80-2714, which assessed the effectiveness and practicality 
of three hydrogen control measures for Sequoyah: deliberate 
ignition, water fogging, and Halon addition after accident in- 
itiation. In the report, Herman continued to stress that the 
igniters near the upper plentm be removed. 

On June 2, 1981, Walter Hutler, Chief of the Containment 
Systems Branch, Division of Systems Integration, NRC, wrote a 
memorandxim to his supervisor, Lester Rubenstein, Assistant 
director for Core Containment Systems. The memorandxim discussed 
a meeting with John Lee of McGill University in Montreal, who 
had performed the controversial detonation studies. 

Butler first pointed out that significant differences 
existed between Lee's test conditions and the likely post- 
accident conditions inside the ice condenser containment. 

He also wrote that if the lower compartment Inerted, there 
was the possibility that richer mixtures could exist in 
the ice bed or upper plenum region (even though the staff main- 
tained that the likelihood of the lower compartment inerting 
was remote) . In order, however, for a rich mixture to reach 
the upper plenum igniters, one must assume the mixture is formed 
instantaneously or that flame initiated by the igniters would 
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not propagate downward in the ice bed. Butler noted th^t Duke 
consultants maintained that both situations were physically 
impossible. 

Butler concluded that removal of the upper plenum igniters 
was not justified based on his judgement that the removal of 
upper plenum igniters could potentially cause random igniting 
and that the geometries of the test vessel were not representa- 
tive of the geometries of the ice condenser containment. While 
the igniter system was useful only in burning hydrogen in small 
quantities, however, and while "the interim hydrogen control 
system is perfectly adequate,... we believe that the permanent 
resolution of the hydrogen control issue requires the demon- 
stration of adequate safety margins." The staff would continue 
to study the matter. 

On June 12, 1981, news arrived that the Commissioners had 
unanimously approved a 5 percent power operating license for 
McGuire but denied the request for operation at 35 percent of 
full power. "We were not surprised," said Copp of the decision 
against 35 percent power, "even though we felt we had a good 
technical argument." 

While Duke was still waiting on Commissioner review of the 
Licensing Board decision regarding full power, the NRC staff 
called Rasin. and other Duke engineers to a meeting to discuss 
initiation of the igniter system at McGuire. There were some 
disagreements on whether the igniters should be tied to the 
ECCS, and on the pressure setpoint for startup of the air 
return fcuis. 

Rasin favored setting the igniters to operate when contain- 
ment pressure reached 3 psi, and not be triggered every time the 
reactor's safety injection system was actuated. Also, Duke 
decided to set the air return fans cuid sprays to initiate at a 
higher point than the 3 psi for the igniters themselves. Rasin 
maintained that the igniters, fans, aid sprays would all be in 
operation before hydrogen would be produced during a transient, 
and noted that to change the set points for the onset of fans 
and sprays was not a "painless or inexpensive chcuige to make." 

The NRC staff indicated it would study the problems further, 

but warned Duke of further licensing delays if the licenses were 

to be conditional on certain aspects of the hydrogen control 
system. 
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PART F: THE COMMISSIONERS" DECISION 



In a decision very much similar to the one for the opera- 
ting license for Sequoyah, the Conunissioners approved, on June 
29, 19 81, a full power operating license for McGuire-1. The 
license was approved after Dxike Power agreed to use an igniter 
hydrogen mitigation system and to license conditions which 
provide that for operation beyond January 31, 1982, the com- 
mission "must confirm that an adequate hydrogen control system 
for the plant is installed and will perform its intended func- 
tion in a manner which provides adequate safety margins." 

The decision, CLI-81-15, 14 NRC 1 (1981), without the 
separate comments of several commissioners, appears as Exhibit 
F-1. As specified in the decision, Duke Power also agreed to 
continue research on hydrogen control measures and the effect 
of hydrogen control on safety functions. Further, the order 
went against Duke Power's preference for ignition only when 
containment pressure reached 3 psi, requiring Duke to follow 
Sequoyah's example in which operation of the deliberate ignition 
system is initiated upon a safety injection signal. 

Even more interesting, however, were the separate views 
of Commissioners Gilinsky and Bradford, who, calling the ASL3 
ruling "a seriously defective decision," strongly disagreed 
with the Licensing Board's rationale for their ruling. While 
Gilinsky and Bradford consented to approve McGuire-l's license 
because of the conditions of the license, they objected to the 
approach used by the ASLB in ruling that the chances of a 
TMI-type accident were "so remote" as to be "not credible," 
The issue of immediate concern, wrote the commissioners, "is 
the adequacy of reactor protection against burns or explosions 
of hydrogen gas which may be generated during an accident," 

"It is a finding that could have been made by a groip schooled 
in the arcane subtleties of nuclear regulation. No ordinary 
perscn is capable of such foolishness. After the TMI e:q3erienoe, 
this review of the credibility of an accident involving hydrogen 
has been a waste of the parties', the Board's and the Cotnassicn's 
tine. It can only ccntribute to pxJDlic cynicism about nuclear 
regulation and the role of public hearings in the dscisicn-^naking 
process," 

Gilinsky and Bradford wrote, 

The two commissioners urged the NRC to "overturn the TMI- 
precedent, suspend 10 CFR 50,44, and put in place a new rule on 
hydrogen protection," The Commission should also, they said, 
adopt an interim rule requiring hydrogen control systems in 
ice condenser and Mark III containments. 
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Coininissioner Ahearne noted in his comments that the' judg 
mental comments of Gilinsky and Bradford were inappropriate 
because neither the Commission nor the ASLAB had reviewed the 
case. Then NRC Chairman Hendrie, in his comments, disagreed 
with Gilinsky 's and Bradford's complaints, saying they were 
addressing the Commission's standing directions in the matter 
and not the Board's actions and decisions. 
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Cite as 14 NRC 1 (1981) CU-81-1S 

UNITED STATES OF AMERICA 
NUCLEAR REGUUVTORY COMMISSION 

COMMISSIONERS: 

Joseph M. Hendrie, Chairman 
Victor Glllnsky 
Peter A. Bradford 
Jotin F. Aheame 

In the Matter of Docket Nos. 50-369 

50-370 



OUKE POWER COMPANY 

(William B. McGuire 

Nuclear Station, Units 1 and 2) 



June 29, 1981 



Following ibe issuance of a Licensing Board's decision (LBP*81»13) 
authorizing the Director of Nuclear Reactor Regtilation to issue a full- 
power, full-tenn license for the operation of Uniis 1 and 2 of the McGuire 
facility, and upon the completion of its ''effectiveness review** of that 
decision as it relates to full power op>eration of Unit 1, the Commission 
authorizes the Director to issue the fiill-power, full-term license for the 
operation of Unit L The Commission takes this action without prejudice to 
its **efrectivcness review^ for Unit 2, the normal appellate review of the 
Licensing Board*s decision (as it pertains to both Units 1 and 2) by the 
Appeal Board and by the Commission, and the motion to stay the 
e/Tectiveness of the Licensing Board's decision now before the Appeal 
Board. 

ORDER 

In its supplemental initial decision dated May 26, 1981, the Atomic 
Safety and Licensing Board resolved the remaining issues in this proceeding 
and authorized the Director of Nuclear Reactor Regulation, after making 
the requisite findings, to issue full term licenses to Duke Power Cx^mpany 
autborizmg full power operation of McGuire Nuclear Station, Units 1 
and 2. 



Exhibit F-1 
NRC Commissioner's Decision 
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laicrvcnor, Cirolina Enviromncntal Study Group (CESG), has rcGuesi- 
ed the Atomic Safety and Licensing Appeal Board pursuant to 10 CF.R. 
2.788 to suy the ctTcctivcness of the decision. However, quite apan from 
this suy request, the Licensing Board's initial decision does not become an 
effective authorization until the Commission has taken the actions outlined 
in its Order, dated May 28, 1981. These actions entail analysis of the 
Licensing Board's decision to determine whether it should become effective. 

The G)mmission completed a partial effectiveness review and on June 
11, 1981, authorized the Office of Nuclear Reactor Regulation to issue a 
license to Duke Power Gjmpany to operate McGuire Nuclear Station, Unit 
1 at steady state reactor core power levels not in excess of 5% of rated 
power The G}mmission has now completed its effectiveness review as it 
relates to full power operations of Unit 1 and has decided that the Licensing 
Board's May 26, 1981 supplemental initial decision may become effective 
insofar as ftiU power operation of Unit 1 is concerned. This effectiveness 
decision is without prejudice to Commission effectiveness review for Unit 2, 
the normal appellate review of the Licensing Board's decision by the 
Appeal Board and by the Commission, and the Intervener's stay motion 
filed June 8, 198 1, which is now before the Appeal Board.* 

The likelihood of an accident that would lead to generation of hydrogen 
in excess of the design limits in 10 CF.R. 50.44, and the effectiveness" of 
meastires to mitigate the consequences of such hydrogen generation, were 
cridcal issues in the Commission's deliberations on effectiveness. The 
licensee has agreed to insuU and use an igniter hydrogen mitigation system, 
and has agreed to license conditions which provide that (1) for operation 
beyond January 31, 1982 the Commission must confum that an adequate 
hydrogen control system for the plant is installed and will perform its 
intended function in a manner thai provides adequate safety margins, and 
(2) during the interim the Ucensee shall continue a research program on 
hydrogen control measures and the effects of hydrogen bums on safctv 
Amctions. The Commission believes that in this case installation and use of 
an appropriate hydrogen mitigation system is required for adequate 
f^ptection of the public health and safety. 

The Commission believes, however, that operation of the igniter system 
should be initiated upon a safety injecuon siginal, with accompanying 
indications of a loss of coolant accident. 



*Oii May 15, 19S1, Incervenor, CESG, filed a mooon with ihe Commiation uking Uic 
Comffliaiion to order review by u Atomic Safety ud Licduing Appeal Boud oft poroon of 
tht Liccttstns Board's Mcmorudum aad Order iuued in ihe Abov»<jLpaoned proceedioA 
dAt#d May 6, 1981. CESC*s mouoo is in impennisiibk eifort to obtain inioiocutory 
Commisaott renew of a Liceawig Board ordv* aad is, therefore, tUmML 10 CF.R- 1785 and 



Exhibit F-1, cont. 
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Accordingly, the Director. Office of Nuclear Reactor Regulation is 
authorized to issue a AiU power, full term license to Duke Power Company 
which shall conform substantially to the terms of the Jtme 9. 1981 draft 
license. 

It is so ORDERED. 

For the Commission 

SAMUEL J. CHILK 
Secretary of the Commission 

Chairman Hendrie's Additional Views» the Separate Views of 
Commissioners Gilinslcy and Bradford, the Separate Opinion of 
Commissioner Bradford, and Commissioner Aheame's Additional 
Views are attached. 

Dated at Washington, D.C. 
the 29th day of June, 198 L 
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PART G: EPILOGUE 



"From a regulatory standpoint^ one must look at an issue 
inside and out, again and again, and finally make some sort 
of conclusion," remarked Birkel, Project Manager for McGuire, 
referring to the difficult job of a regulator in approving a 
license — effectively saying that the plant is safe enough 
for the public, "There is always some level of uncertainty to 
an issue," added colleague Stahl, "the Commission would not 
have licensed Sequoyah and McGuire without safety systems 
designed to provide some degree of certainty." 

To Rasin, Heitman, McGarry and others on Duke Power's 
"hydrogen team," one thing was. certain: after the July 2, 1981, 
favorable ASLAB decision, the NRR issued the McGuire-1 opera- 
ting license on July 8, 1981, That meant the celebration of 
"the end of a two-and-a-half year perpetual short-term project," 
in Heitman 's words.,- "The whole deal was frustrating, because 
it was so intense at some times yet so drawn out in others," 
he noted. 

A final rule for inerting Mark I and Mark II BWR's was 
issued in December 19 81. The text of this rule is reproduced 
as Exhibit G-1. A Proposed Rule for Hydrogen Control in Ice 
Condenser PWR's and Mark III BWR's was published in the Federal 
Register later that month. 

Research at Sandia, TVA, and Duke Power, among others, con- 
tinues. Berman issued a set of workshop proceedings in Septem- 
ber 1981 dealing with hydrogen combustion and reactor safety. 
Rulemaking on degraded core accidents is underway. 

In July 1982, the Commission completed its review of the 
hydrogen control system at McGuire and concluded that it could 
accommodate with adequate safety margins the hydrogen released 
in a 75 percent cladding -water reaction. 

A Sandia study of hydrogen mitigation at Sequoyah concluded 
that, of the three mitigation schemes studied: deliberate 
ignition, water fogging, and Halon inerting; no one of them was 
clearly superior to the others under all accident scenarios. (41) 
The group also found that the possibility of developing uniform 
hydrogen concentrations in excess of 18 vol% seemed very remote. 

McGuire-l*s full power license was issued with a condition 
pertaining to hydrogen control, as was Sequoyah-1' s • Both ice 
condenser units are equipped with a distributed ignition (glow 
plug) system (DIS) , developed at Sequoyah. The DIS is designed 
to accommodate the S2D accident sequence, which is similar to 
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the TMI-2 accident/ with up to 75 percent cladding-water^ reaction 
and a hydrogen release rate as high as 70 Ib/min. The resul- 
tant peak combustion pressure is required to be less than the 
containment failure pressure, and the response to local detona- 
tions must be within the structural capacity of the containment. 
Peak temperatures are required to be less than that which would 
cause failure of certain essential equipment. All of these 
conditions must be met with adequate safety margins. 
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NUCUEAn REGULATORY 
COMMISSION 

10 cm Part SO 

Uilaiini Rac|iiiraiiMnta flalatad to 
Hydrogan Control 

Aomcv: Nuciaar Ragulatory 

Commiasioa. 

acnoic rmai niiau 

auMMAAY: The Nuclear Regulatory 
Coauniuion is amendiag itn reguiatians 
to require iserted containment 
atmospheres, and additionally, both 
hydrt>gan recombincr capability to 
reduce the likelihood of venting 
radioactive gases following an acddent 
and the provision of high point vents in 
the primary coolant system. Tha inerting 
requirement applies only to boiling 
water nudear power reactors with 
either Maik I or Mark II type 
containments; the requirement for 
hydrogen recombtner capability applies 
to Iight*water nuclear potver reactors 
^al rely upon purge/represaurizatian 
systems as the primary means of 
hydrogen control: the reqtiirement for 
the provision of high point vents applies 
to all light-water nuclear power 
rsactors. 

i w a cnva o atc lenuary 4. 1062. 

TOO FOUTMaa IMfOnMATION COffTACTt 

Morton !L Fleishman. Office of Nuclear 
Regulatory Research, U.& Nudear 
Regulttory Commission. Washington. 
DC 20555. teiephona Kn«443-«08l, 

ailPPIJDSBffTARV flOFOMMATIOIC On 

October 2. 198a thevNudeai R^ul%tory 
CoQzmiasion published indn^Fedaial 
Repair (45 FR «S4iS) a notice of 
propo«K^ rdemaking on ''Interim 
Reqairements Related to Hydrogm 
Control and Certain Degraded Core 
Considerations'* (Interim Rule) inviting 
written comments or suggestions on the 
proposed rule by November 3, 198a The 
notice concerned proposed amendments 
to 10 CFR Part sa "Domestic Ucfiutng 
of Production and Utilisation Fadiitifs.^ 
ia isnMine hydrogen management in 
iight watt leaii'lar fKilities and to 
provide fpedfie design and other 
requirements to mitigate the 
consequences of aoddents resulting hi a 
demaded reactor core. 

thirty-five jMneaaaabaitted 
comments regarding the proposed 
amendments. Although the comment 
period was scheduled to expire on 
November X lOea commenu received 
subsequent to that date have been 
oonsideted. mth the latest comment 
letter being dated February 9. 1901. The 
comments are part ai the public record 
and may be examined and copied in tiia 
Commission's Public Document Room at 



1717 H Street NW., Waahingtoa D.C A 
summary of the tx)mments along with a 
comment analysis and a value/impact 
assessment are also available for 
inspection and copying in the Public 
Document Room. 

These comments have been carefully 
reviewed and evaluated during 
preparaticm of this final nia^ Ilia final 
rule contains revisions to the proposed 
rule that reflect these comment Thm 
commenters weri about equally divided 
between those in favor of and those 
opposiid to publishing the interim 
amendments. Whether or not the 
commenter favored publishing a final 
ruleii additional detailid commenU were 
generally provided on sped&c aspecu of 
the propo se d amendments. 

the NRCs OfGce of Nudear Reactor 
Regulation sent a letter on September 5. 
1980 to ail nudear power plant 
licensees, applicants and construction 
permit holders providing a "Preliminary 
Qarificatian of tha TMl Action Plan 
Requirements." Tliis was followed by a 
series of four regional meetings, noticed 
by publication in the Federal Register on 
September 12. 1980 (45 FR 80508} and 
held during die week of September 22. 
198a in order to provide a mon detailed 
e3q)ianation of the requirements and to 
obtain industry comments. Based on the 
discussions at tiie meetings and other 
commaata received the NRC revised 
the requirements and notified the 
applicants, licensees and construction 
permit holders to this effect by a letter 
dated October 31. 19da The leUer and 
revised requirements are induded ia 
NUR£C-073a ''Clarification of TMI 
Action Plan Reguirements.*"^ 

On May 13. 1981, the Commission 
published in the Federal Register (48 FR 
28491) a notice of proposed rulemaking 
which proposed licensing requirements 
for pexsuiing operating license 
appiicatioos (OL Rule). Tha proposed 

OL Rule was based upon the 

requirements described in NUREC-0737 
and indudes, among others, many of the 
requirements originaily induded in the 
proposed Interim Ruk published ia 
Oaoberl98a 

Items originally propoaed in the 
Interim Rule were: 

L Inerting of Mark I aad XI boiling 
water reactors (BWRs^ 

2. Design analyses for Mark ID BWRs 
and pressurized^ater reactors (PWRj). 

3. Dedicated hydrogen control 
penetrations. 

4. Hydrogen recombtner capability. 

5. High point vents 



SsIm Piu^inL OlviMon of TaduMctl tnfnmi'nwi 
■ad OoGMMM Cocitnl NKiMT iUsilMMy 
CiMiiiini, WiihiBsaii. nC TBSii 



8. Post-aoddent protection of safety 
equipment and areas 

7. In-plant iodine instrumentation 

a, Post-acddent sampling 
. 9. Leaicage integrity ouUide 
containment 

la Acddent monitoring 
instrumentation 

11. Detection of inadequate core 
cooling 

12. Training to mitigate degraded ooit 
acthdents 

Of the above list, all except items 1 2 
and 4 were induded in the proposed OL 
Rule and have been appropriately 
revised to reflect the comments receivsd 
during the commem period on the 
proposed Interim Rule. Hence, those • 
items induded in the OL Rule have bees 
deleted £rom this Interim Rule except for 
item 5 (High point vents). Item 5. whils 
previously induded in the OL Rule wu 
felt to be primarily hydrogen related and 
thus more appropriately induded in tiiis 
Interim Rule. Those public comments 
received pertaining to the remaining OL 
Rule items will not be discussed here. 
All of the public comments may be 
examined and copied in the 
Commission's Public Document Room 
alotig with the response to the 
commenu (SECY ai->24S. ''Interim 
Amendments to 10 CFR Pari 50 Related 
to Hydrt>gen Control and Certain 
Degraded Core Considerations**). 

The final Interim Rule contains 
revisions to the proposed Interim Rule 
that reflect all of the applicable 
commenu including those (a) given ia 
response to the nodce of proposed 
rulemaking, and (b) generated during da 
regional meetings and in response to tin 
danfication lettere of September 5. 19aL 
and October 31. 198a 

Before discussing the comments and 
the specific revisions resulting from tfas 
comments, it should be noted that whik 
I 5044 has appUed only to iight-wal« 
nudear power with zircaloy fuel 
dadding, the new amendments in the 
Interim Rule are not as limited and 
apply to light-water nudear power 
reacum with either sUinless steel or 
zircaloy fuel dadding. The Commisstoa 
will be considering filrther modificatifle 
of I 5044 during the long-term 
rulemaking effort relative to 
consideration of degraded or melted 
cores in safety regulation. Part of this 
long-term rulemaking will involve s 
thorough reevaiuation of hydrogen 
generation and control In tha inten& 
tha Commission wishes to leave in pistf 
the existing provisions of { 5044 
because of the requirements for desiifll 
with design basis acddents. These 
indude. for example, requiring; 
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NRC Final Rule on Hydrogen Control 
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1. The capability for measuring 
lydrogen concentrations in 
Qootaunxnent. 

2. The capaoility for ensuring a mixed 
jODospaere in containment. 

1 The capabiiity for controlling 
oombusoble gas ooncentranons m 
containment following a postulated 

4. The capability to deal wth 
hvonfien from radiolytic decomposition 
3f tiie reactor coolant and the corrosion 
31 meiais. (These have release 
:-aractenstics that differ from those 
3$soaaied with metal-water reaction.) 

1 Tliat the combustible gas control 
sj'items com'orm with the general 
requireaents of Criteria 41. 42 and 43 of 
Appendix A of 10 CFR Part Sa 

Several commenters h«ve expressed 
conceni that the various rue hn » k i n gs 
currently being pursued by SRC shoold 
bf integrated. i.e^ safety goal degrfdfd 
ooR considerations, minimum 
snginejired safety features, siting and 
emefgency planning. The NRC shares 
this concern. On October 15. 198a the 
ixecasve Director for Operations 
established a Degraded Cooling Steering 
Group to coordinate degraded cooling 
ittd related rules. Hiis group has 
campieted iU work and prepared a plan 
to ensure future integration of these 
act! vines. 

Numerous conunenters have 
questioned many of the implementation 
dates specified in the rule, indicating 
Uhat they cannot be met for a variety of 
reasons, such as procurement lead time, 
need for the design studies, availability 
of acceptable equipment et& Hie staff 
agrees with these comments and has 
made appropriate changes to the 
impiementation dates. 

Inertiag of Mark I aod n B WRs 
irsa44(cH3)(0] 

Some commenters, particulariy those 
associated with Mark I boiling weter 
leaaors fBWRs), qiiettioned the 
advisability of requiring inerting of 
containments and suggested that other 
bydrogen control options be permitted, 
lliis issue has been extensively 
reviewed and discussed among the 
Commission. NRC staff and industry 
participants. .Numerous reports and 
setters have been written and many 
!neeungs held in order to thoroughly atr 
the issue. Considering the infonnatiott 
previously developed, the Commission 
conUnues to believe daat it would be 
prudent, pending completion of the long 
terai rulemaking on degraded core 
cooling, to require that aU Mark I and Q 
BWR containments be provided with an 
inerted atmosphere during nonnal 
operations. However, one utility 
{Venmmt Yankee) has recently 



expressed a renewed mterest la 
providing a hydrogen control system, 
olher than preinerting, for its facility. 
Two posaible options. po8t-«ccident 
inerting and a deliberate ignition 
system, could be considered for the 
Mark 1 containment of this facility. The 
Commission has not received any 
specific proposal or analyses for either 
d these hydrogen control systems. Thus, 
it is concluded that absent any 
proposed and justified alternative, 
pretnerting is required for Mark i BWKs. 
If Vermont Yankee (or others) propose 
an alternative system backed up by 
suitable tests and analyses, the 
Commission will review it If found 
acceptable, the alternative systems 
would bf pqrmitted. either by 
subsequdat amaadment or exemption to 
this section. 

The proposed rule s desdiine for 
installation of inerting systems has been 
extended to account for delay in 
publication of a final rule. The rule has 
also been changed to clarify that the 
paragraph applies only to Mark 1 and II 
BWRs. 

Hydrogen Recomiitner CapafaiSly 

[i S0.44(c)(3)(U)| 

Several commenters have 
recommended that tha proposed 
i 5a44(c)(3)(ii) be modified to allow the 
use of alternate means of hydrogen ' 
control such as internal recombiners, 
rather than to restrict the rule to 
external recombiners. The proposed rule 
was not intended to preclude this 
alternative. In fact if internal 
recombiners were present before or will 
be installed in the future, this section of 
the rule would not apply since purge/ 
repressurization systems would not be 
the primary means for combustible gas 
control Tliia section of the nxli only 
applies to fedlttiea thet ftly upon purge/ 
repressurization systems as the primary 
means of controlUng combustible gases^ 
following a LOCA. Based on existing 
i S0.44, all fadiities must have ettiier 
internal or external recombiners or 
purge/repressurization systems for 
controlling combustible gases following 
a LOCA. For those BWKs which are 
inerted and which rely upon purge/ 
repressurization for combustible gas 
control, the intent of the rule is to 
require that they be provided with eifter 
internal recombiners or the capability to 
install external recombiners. 

It should also be noted that this 
section of the rule does not require 
actual installation of external 
recombiners: rather, it requires only the 
capability for installation. To avoid 
confusion, the rule has been clarified to 
indicate that internal recombiners are 
an acceptable alternative to the 



installation of external recombiner 
capability. 

High Point Venis in Reactor Coolant 
System (§ 50.44(c)(3)iu)] 

A number of commenters have 
remarked that there is no justification 
for applying the single failure critenon 
to the design of the high pomt vents. 
Furthermore, it has been suggested that 
the negative aspects of the high point 
vents have not been adequately 
considered and that fn fact the vents 
may increase the risk to the public 

In response to these comments, the 
single failure criterion requirement has 
been deleted: however, one aspect of the 
criterion has been retained, namely, that 
a single failure %vithin the power and 
control parts of the reactor coolant vent 
system should not prevent isolation of 
the entire vent system when required. 
Also a sentence has been added to 
require that the use of the high point 
vents not **aggravatc the challenge to 
the containment or the course of the 
accident'* Finally, the Interim Rule has 
•been revised to relax the 
implementation date, in response to 
comments received at regional meetings 
%vith industry m September t98a 

Regulatory FtexibOlty Act 

In accordmce with the Regulatory 
Ftexibility Act of xmsk 3 605(b), 
the Commissioa heieiiy ceftifies that 
this rule wiU not if pnoniigated. have a 
significant economic impact on a 
substaotial ntunber of snoall entities. 
This rule ttffects only the licensing and 
operation of nuclear power plants. T^e 
companies that own these plants do not 
fall within the scope'of the definition of 
**small entities" set forth in the 
Regulatory Flexibility Act or the Small 
Business Size Standartis set out in 
regulations issued by the Small Business 
AdministratiaD at 13 CFR Part 121. Since 
these companies are dominant in their 
service areas, this rule does tmt fall 
within tiie purview of the Act 

Accordingly, notice is hereby given 
that, pursuant to the Atomic Energy Aci 
of 1954. as amended, the Energy 
Reorganization Act of 1974. as amended, 
and section 553 of Tiilt 3 of the Umted 
States Code, the follo%ving amendments 
to 10 CFR Part SO are published as a 
document subject to codification. 

PART 50-OOMESnC UCENSING OF 
PRODUCTION Am UTIUZATtON 
FACIUTIES 

!• The authority citation for Part 50 
reads as follows: 

Aethoritr Sees. 103. 104. 161. 181 183. 189. 
as 9tat 03a 937. m 953. 954. 955. SSa. as 
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amimded (42 US.CL 2133. 234. 2201. 2232, 
2233. 2239); SKS. 201. 202. 2001 88 SUt 1243, 
1244. 124S (42 U.S.C 5841. 584& SB4S). oaiMi 
oUmtimm oMd SKtfoe SOJt ^ iMMd 
undv SM. 122. 88 StM. 93S (4S 2Xa2i 
Sections 50.80-^41 «lio issuod undtr mc 
184. 68 SUt 9S4. at araended: (42 i;^.C 
r34). Sections 5&ia8-«aia2 issMd lodsr 
ssc. 18& assut 99& (42 U^C 2381. For the 
puiposM of ssc 223. 08 SlaL 9B8l so 
anuBdsd: (42 U3£. 2273k 1 5054(1) ioMiri 
under sml 1811. 68 SUL d«ft (42 USJC 
2301(0). SS VJU 50J1 and 5a78 iammd uadsr 
sec IBla as Slat 3Sa as amesdad; (42 U.&C 
2301(0)) and the laws refecred to ta 
Appendices. 

1 Section Sa44 of Part 50 is amended 
by revising paragrapb (c] to read as 
foilowa: 

I 5a44 Standards fore 
linSgMi 



(c)(1) For each boiling or pi e ssuri aed 
bght-water ntidear power reactor fueled 
with oxide pelleti witfata cylindrical 
zircaloy cladding, it shall be shown that 
during the time period following a 
postulated LOCA but prior to effective 
opera tloQ of the combustible gas control 
system, either (1) An unoontroUed 
hydrogen-oxygen recombinatioa would 
not take place in the i niiisiiiiaeiii. or (ii] 
the plant could withftiod thi^ 
consequences of uaoootroUed kydiu g ett - 
oxygen recombination wttfaoiel ioss^if 
safety function. 

(2| If dM condittoQfe att out in 
peragraph (c|(l) of this section caiviot 
be shown, the coataiamcnt shall be 
provided with an inerted or en oxygen 
deficient atmospiiefs in order to provide 
protection against hydrogen burning and 
explosions diinng the time period 
specified in paragraph (c)(1) of this 
section. 

(3) Notwithstanding paragraphs (c)(l] 
and (c)(2) of this section: 

(i) Effactive May 4. 1962 or 0 months 
after initial criticsiity. whichever is 
later, an inened atmosphere shall be 
provided for each boiling light*water 
nuclear power reactor with a Mark I or 
Mark fl type conuinment; end 

(ii) By the end of the first scheduled 
outage beginmng after July 5» 1962 and 
of sufficient duration to permit required 
modificatioos. each Ught*weter nimleer 
power reector tiiet reiiea upon a purge/ 
repressurization system ss tiie primary 
meaiu for controUiog combustible geses 
following 8 LOCA shea be provided 
with either en intemal rsoombinar or the 
cepebility to insuli an external 
recombiner following the start of an 
accident. The intemal or external 
recombiners must maft the c om bus t i ble 
ges control raqmrsamta in ] 
{d}ofthiasectio8.t1ia< 



j^enetratioiis used for external 
recombiners must either be: 

(A) dedicated to that service only, 
conform to the requirements of Criteria 
54 and 56 of Appendix A of this part be 
designed against postulated single 
failures for containment isolatian 
purposes, and be sized to satis^ tha 
flow requirements of thf eytemai 
rscombinaSi ar 

(B) of a combined design for use by 
either external recombiners or purge/ 
repressurisatiaa systems and other 
systems, conform to the requirements of 
criteris 54 and 56 of Appeadix A (rf tiiis 
part be designed againat postulated 
single failures both for containaient 
isolatian purposes and for operation of 
the external recombiners or purge/ 
repressunzstion systems, and be sized 
to satisfy the flow requirements of the 
esctenal reoombnsrs or parge 
fspressunzstion systeBs* 

(lii) To provide improved operatioBal 
capability to maintain adequate core 
coining foliowin| an acddent by the 
end of the first scheduled outage 
beginning after luly t, 1062 and of 
sufficient duration to permit required 
modifications, eech light-water nuclear 
power reactor diall be provided with 
high point vents for the reactor coolant 
system, for the reactor vessel head and 
for other sjrstems required to maintain 
adequate core coolixig if the 
accumulation of noncondensible gases 
would cause the loss of fimction of these 
systems, (High point vents are not 
required, however, for the tubes in U* 
tube steam generators.) The high po in t 
vents miut be remotely operated from 
the control room. Since these vents form 
a part of the reactor coolant pressure 
boundary, the design of the vents and 
assodsted controls, instruments and 
power sources must conform to the 
requirements of Appendix A and 
Appendix B of this part In particular, 
the vent system shall be designed to 
ensure a low probsbility tiiat (A) the 
vents will not perform their safety 
functions and (Bl there would be 
inadvertent or ixrsv^ible actuation of a 
vent Furthermore, the use of these vents 
during and following an^ccident must 
not a^ravate the challenge to the 
containment o€ the course of the 
ecctdaat 



Dated at Washhistoa DXl this Z5th day of 
NovemberlSei. 

For the Nudesr Ragnlatdry Coamiistiaa. 



l|.CUOb 
Seoelflsy o/tfv I 
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CHRONOLOGY - THE CONSTRUCTION AND LICENSING OF McGUIRE 



September 1970 

April 19 71 

September 1972 
February 1973 
February 1974 

April 1974 

September 1974 

October 1974 

February 1978 

December 1978 
March 1979 
July 1980 

December 1980 
January 1981 
February 1981 

June 19 81 
December 1981 



Duke tenders applications for McGuire 
construction permits. 

Site preparation begins for the McGuire-Unit 1 

reactor building. 
Crews begin work on the McGuire-1 reactor building 

NRG issues McGuire construction permits. 

Work begins on the McGuire-1 turbine building 
condenser. 

Duke tenders applications for McGuire operating 
licenses . 

Crew begin installing the ice condenser inside 
the McGuire reactor building, and assembly of 
the McGuire-1 turbine begins. 

The first of four reactor building steam gene- 
rators and reactor vessel is installed in 
McGuire-1. 

Three million pounds of ice is installed in the 
McGuire-1 ice condenser . 

Hot functional testing begins at McGuire-1. 

Three Mile Island-Unit 2 suffers a major accident. 

The second hot functional test is carried out at 
McGuire-lr and additional tests are performed 
on TMI-2 related modifications made to the unit. 

Hydrogen igniter system is installed at McGuire-1. 

Fuel assembly loading begins at McGuire-1. 

Re -opened public hearings on hydrogen generation 
begin. 

McGuire-1 receives its license to operate. 

Final version of hydrogen igniter system completed 
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This is one of a series of cases written to provide 
students with an opportunity to see how public policy 
decisions affect the engineering design process. This 
particular case focuses on the regulatory environment 
within which the designers of nuclear power plants operate. 



There are several modes of using this case; much is 
deliberately left to the instructor's choice. This increases 
the flexibility of the case and allows its use in more than 
one type of course. There is more than enough technical 
material to permit the case to be used as a resource in a 
course in power plant design. Also, selected excerpts of 
those portions of the case dealing with the hydrogen control 
problem may be a useful way to amplify technical material 
normally covered in chemical thermodynamics or combustion 
courses . 

Regardless of the specific matter in which the case 
is used, the student who has gone through it should have some 
feel for the problems of defining and managing a major 
engineering project in a complicated and rapidly changing 
regulatory climate. 

The case also reveals that engineers cannot isolate 
themselves from the regulatory process and confine their 
attention to strictly technical matters. The technical and 
regulatory issues overlap to such a degree that the engineer 
becomes an integral part of the regulatory process. 

Following are some suggestions for possible assignments , 
projects / exam questions, and discussion topics associated 
with various aspects of this case. 



INTRODUCTION 



1. What are the main design parameters for an ice condenser 
containment system? 

2. What is the role of the Atomic Safety and Licensing Board? 
How is it related to the Advisory Committee on Reactor 
Safeguards mentioned in Part A? 

PART A: NRC RESPONSE TO TMI-2 



1. Exhibits A-1 and A-2 can be the basis for a detailed 
technical discussion of the PWR hydrogen detonation 
issue. 

2. Obtain copies of SECY-80-107, 107A and 107B and try to 
verify the analytic basis for the conclusions on page nine 
i.e. ice condenser containments. 
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PART B: DUKE POWER COMPANY'S RESPONSE. TO TMI-2 



1. On the basis of the material included in the case and in 
the background docximents, prepare a memo to Bill Rasin 
recommending a specific course of action regarding hydrogen 
control at McGuire. 



PART C: PREPARATIONS FOR THE HEARINGS 



1. Outline an approach to the analysis which would 

demonstrate that the deliberate ignition system would 
adequately prevent hydrogren accximulation. 



PART D: THE LICENSING HEARINGS 



1. AssTime that you were Bill Rasin. Prepare your written 
opening testimony in response to the CESG contentions. 

2. If you were a member of the ASLB, what decision would 
you reach after having heard the testimony of CESG and 
Duke? What would be the major factors affecting your 
decision? 

PART E: THE LICENSING BOARD'S DECISION 

1. Obtain a copy of Berman's report on hydrogen control 
measurements (NUREG/CR-1762 SAND 80-2714) and write a 
two-page memo to your boss at Duke, Bill Rasin, 
summarizing the report's implications for the McGuire 
licensing decision. 

PART F: THE COMMISSIONER'S DECISION 

!• Do you find the dissenting arguments of Commissioners 
Gilinsky and Bradford convincing? 

2. Determine the current status of the McGuire-1 unit. 



